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risk factors for the management of firms and organizations, as well as for the sustainable socio-economic 
development of countries. Country risk analysis has evolved as a major research topic within the fields of 
economics and finance during the past three decades.  
The significance of the country risk analysis is also highlighted through last development in the global 
environment, where many developed and emerging countries have been hit hard by the crisis. Also countries in 
Central, Eastern and South-Eastern Europe (CESEE) have been affected. Therefore seven CESEE countries 
have been selected and analyzed using specific fundamental Beta approach. All of them are the EU member 
state countries and currently are not a part of the Euro area countries - Bulgaria, Czech Republic, Hungary, 
Latvia, Lithuania, Poland, and Romania. Two of them were hit hard in the 2008-2009 by the global economic 
downturn, Hungary and Romania. In the case of Hungary, at the end of 2008, the Emergency Financing 
Mechanism of the International Monetary Fund was used to help provide financing because the country faced 
an exceptional situation that threatens its financial stability. Affecting with the global economic downturn, 
Romania received in February 2009 a loan by the IMF in the amount of 17.1 billion USD.  
The paper is organized as follows: The first section shortly describe the country risk term and the theoretical 
background and genesis of the time-varying fundamental Beta approach. In the second section we employ time-
varying fundamental Beta technique using the time series and multiple linear regression analysis to analyze and 
model Beta in each country. In the third section we discuss achieved results in context of other researches.  
1.1. Country Risk 
A generally accepted definition on country risk offered Panras Nagy in Euromoney. According Nagy, 1984 
country risk is the exposure to a loss in cross-border lending caused by events in a particular country which are, 
at least to some extent, under the control of the government but definitely not under the control of a private 
enterprise or individual. Cosset et al., 1992 defined country risk as the probability that a country will fail to 
generate enough foreign exchange in order to pay its obligation toward the foreign creditors. Other researchers 
have emphasized the necessity of defining country risk in a broader context that better represents the 
multidimensional character of country risk. As discussed in Kosmidou et al., 2004 country risk may be 
prompted by a number of country specific factors or events. Indeed three types of event can cause country risk, 
namely political events, economic factors, and social factors. Country risk therefore means the exposure to a 
loss in cross-border lending (of different types) due to events more or less under the control of the government.  
As Bouchet et al., 2003 discuss there is not a consensus about a comprehensive definition of “country risk”. 
In the literature dealing with the risk of international investment, the two terms most frequently encountered are 
“country risk” and “political risk”. Also references to “cross-border risk” or “sovereign risk” can be found. 
Gangemi et al., 2000 suggest that the country risk is a function of the country’s exposure to the world markets. 
Verma and Soydemir, 2006 or Verbenik et al. (2011) discuss the relation of the risk of a particular country to 
international investment activities and refer to unique risk faced by foreign investors when investing in that 
country. 
1.2. Capital Asset Pricing Model and Its Relation to the Country Risk 
In the early 1970s was introduced a series of scientific papers on the capital asset pricing model (CAPM). 
This standard form of the general equilibrium relationship for asset returns, also known as the Sharpe-Lintner-
Mossin mean-variance equilibrium model, builds on the theoretical works of Harry Max Markowitz, 1959. 
Beta in the model is a risk measure that arises from the relationship between the return on an investment and 
the return on the market. One of the earliest attempts to relate the Beta of an investment to fundamental 
variables was performed by Beaver et al., 1970, where the relationship between seven firm variables and the 
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Beta of a company’s stock has been used. In this fundamental Beta model a static form of the CAPM was 
performed, where the ordinary least squares estimation technique has been used to estimate Beta.  
However one of the first attempts to relate this technique to the country risk came from Harvey, 1991. He 
introduced a Beta market model as a method based on the CAPM. The innovation was the time-varying Beta as 
a function of a number of independent economic and financial variables. Erb et al., 1996 used this method and 
concluded the returns in individual stock markets show a strong relation to the risk faced of countries under 
consideration. Gangemi et al., 2000 employed the model proposed by Harvey in analysis of the negative 
influence of increasing foreign debt in Australia. Verma and Soydemir, 2006 estimate the risk of selected 
countries in Latin America and show how the inflation in G7 countries, interest rates and specific local factors 
impact on Beta coefficients in these countries. In Glova, 2013 the exponential smoothing technique has been 
applied to analyse the country systematic risk of Visegrad countries. 
2. Data Description and Econometrical Methodology 
The fall of communism has fundamentally changed the economies of the former communist states of Central 
and South-Eastern Europe. These former East Bloc countries have become more visible for the global 
investors, who have increased interest in equity markets of these countries. In the previous two decades these 
markets recorded high returns as well as heavy losses in relatively unstable economic environment. Through 
the EU enlargement process many of the post-communist states in the CESEE have become new EU member 
states.  
Therefore seven CESEE countries have been selected and analyzed namely Bulgaria, Czech Republic, 
Hungary, Latvia, Lithuania, Poland, and Romania. Specifically all of them currently are not a part of the Euro 
area countries. Two of them were hit hard in the 2008 and 2009 by the global economic downturn, Hungary 
and Romania.  In this section we apply the technique proposed in Harvey, 1991 to analyze the country risk of 
these selected CESEE countries using time-varying fundamental Beta approach. 
2.1. Data Description 
The selected data set contains observations on 11 variables (see the global and local variables’ description 
summarized in Table 1) for a multiple entity of the seven CESEE countries - the Bulgaria, Czech Republic, 
Hungary, Latvia, Lithuania, Poland, and Romania for 88 time periods, months. The observations in this data set 
begin in the January of 2006, and end in the April of 2013.   
2.2. Model Specification 
We employ the aforementioned fundamental Beta approach proposed by Beaver et al., 1970 and extensively 
improved in the time-varying form by Harvey, 1991as shown in equation 
ߚ௜ ൌ ߚ଴ ൅ σ ߚ௝ǡ௜ߛ௝ǡ௜௡௝ୀଵ ൅ ݁௜  
(1) 
Standard form of the general equilibrium relationship for asset returns was derived in several forms 
involving different degrees of rigor and mathematical complexity. As mentioned in Elton et al., 2006 the 
equilibrium CAPM model can be written in the form 
ܴ௜ ൌ ௙ܴ ൅ ൫ܴ௠ െ ௙ܴ൯ߚ௜ (2) 
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The basic model (2) can be rearranged to the time series model where the excess return of asset ൫ܴ௜ǡ௧ െ
ܴ݂ǡݐ is explained through the excess return of market portfolio ܴ݉ǡݐെܴ݂ǡݐ 
൫ܴ௜ǡ௧ െ ௙ܴǡ௧൯ ൌ ߙ௜ ൅ ߚ௜௧ ൫ܴ௠ǡ௧ െ ௙ܴǡ௧൯ ൅ ݁௜ǡ௧ (3) 
Table 1. Global and local risk factors. Sources: Eurostat, US Energy Information Administration 
Variable Description 
Global risk factors 
ER_EU Monthly rate of returns calculated from average monthly values of Euronext global index – share price 
index (rebased). Also used as a proxy for stock market index (Eurostat) 
BRENT Average monthly oil prices - Europe Brent Spot Price FOB per Barrel (US Energy Information 
Administration) 
IR12_EU Average monthly data of Euro yield curves with 12 months maturity (Eurostat) 
IR3M_EU Money market interest rates - monthly data with 3 months maturity (Eurostat) 
Euro area - EA11-2000, EA12-2006, EA13-2007, EA15-2008, EA16-2010, EA17 (Eurostat) 
HICP_EU Harmonised consumer price index of Euro Area (Eurostat) 
XR_EU Average monthly USD/Euro exchange rates (Eurostat) 
 
Local risk factors 
ER Monthly rate of returns calculated from average monthly values of national stock exchange index – share 
price index (rebased). Also used as a proxy for stock market index (Eurostat) 
IR1M Average monthly data of Money market interest rate with 1 month maturity (Eurostat) 
HICP Harmonised consumer price index of the particular country (Eurostat) 
VOL Volume index of production - Industry production index - monthly data - (2005 = 100)  acc. to NACE Rev.2 
(Eurostat)  
XR Average monthly exchange rates of the national currency to Euro (Eurostat) 
 
According to Gangemi et al., 2000, Vajda and Vravec, 2011 or Vajda, 2011 in an efficient financial market, 
we would only expect stock market reaction to the unanticipated component of the macroeconomic variables. 
We find the unanticipated components as the residuals from ARIMA models fitted to the macroeconomic data.  
Based on our aforementioned equations and discussion we propose a time-varying model of country 
systematic risk as follows 
ߚ௜ǡ௧ ൌ ܾ଴ǡ௜ ൅ σ ௝ܾǡ௜ߛ௝ǡ௜௧௡௝ୀଵ ൅ ݑ௜ǡ௧ , (4) 
where all variables are defined as their unanticipated components. Due to the fact that one is unable to 
directly observe beta ߚ௜ǡ௧ in equation (4), we cannot estimate the model directly. However, we could postulate a 
general beta market model from equation (3). Within this framework we can now substitute equation (4) for ߚ௜ǡ௧ 
into equation (3). Thus the specific time-varying beta market model of a selected country is estimated through  
൫ܴ௜ǡ௧ െ ௙ܴǡ௧൯ ൌ ߙ௜ ൅ ܾ଴ǡ௜ ൅ σ ௝ܾǡ௜ߛ௝ǡ௜௧௡௝ୀଵ ൅ ߴ௜ǡ௧   (5) 
Now we can indirectly determine the values for the parameters in equation (4) by estimation of equation (5).  
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2.3. Models Fitting 
According to the description in the model specification we should fit appropriate ARIMA or SARIMA 
models to estimate expect stock market reaction to the unanticipated component of the local and global 
variables. However many time series in finance are non-stationary, i.e. statistical properties such as mean, 
variance, autocorrelation are not all constant over time or whose joint probability distribution does not change 
when shifted in time or space. Statistical tests of the null hypothesis that a time series is non-stationary versus 
the alternative it is stationary are called unit root tests. We apply two different unit root tests - augmented 
Dickey-Fuller (ADF) test and Phillips-Perron test. In regard to very low power to discriminate between 
alternative hypotheses (especially when the data have jumps and structural breaks) of ADF test we use less 
restrictive assumptions on the errors in the form of the Phillips-Perron tests, which are generally favoured for 
financial data analysis. 
Table 2. Fitted the appropriate ARIMA/SARIMA models for the particular local variables 
Country 
ARIMA (p, d, q) or ARIMA (p, d, q) × (P, D, Q) [S] model 
IR1M HICP VOL XR 
Bulgaria (BGR) (2,1,2) (1,1,1) with drift (0,1,0) × (0,0,1)[12] NaN 
Czech Republic (CZE) (1,1,0) (1,1,1) × (2,0,0)[12] (2,1,0) × (2,0,0)[12] (0,1,0) 
Hungary (HUN) (0,1,0) (2,1,0) × (2,0,1)[12] with drift (1,1,0) (0,1,0) 
Latvia (LVA) (2,1,1) (1,1,1) × (1,0,1)[12] (0,1,0) × (0,0,1)[12] (2,1,1) 
Lithuania (LTU) (2,1,2) × (0,0,1)[12] (1,1,1) × (1,0,0)[12] with drift (0,1,1) NaN 
Poland (POL) (1,1,0) (1,1,0) × (2,0,0)[12] with drift (1,1,0) × (0,0,2)[12] with drift (0,1,1) 
Romania (ROM) (0,1,0) (0,1,0) × (0,0,1)[12] with drift (0,1,0) × (0,0,1)[12] with drift (1,1,0) 
 
The next step in time series analysis is to specification of an appropriate model and its parameter estimation. 
We could use plots of empirical autocorrelation function (ACF) and partial autocorrelation function (PACF), 
which provide effective tools for identifying pure AR (p) or MA (q) models. However, for a mixed ARMA 
model, its theoretical ACF and PACF have infinitely many nonzero values, making it difficult to identify mixed 
models from the sample ACF and PACF. There are many graphical and computational methods based on 
information criterions, e.g. extended autocorrelation method EACF or ARMA-subsets specification. In our 
analysis we used a tool of the forecast package in software R – auto.arima, developed and described by 
Hyndman and Khandakar, 2008 to estimate the appropriate sets of models. We have fixed the order of 
differentiation in the auto.arima tool and detected several appropriate models for each variable. Thereafter we 
used model diagnostic in form of the residual analysis to inspect the model adequacy. We inspect plots of the 
residuals over time, QQ (quantile-quantile) plots for assessing normality of residuals, and the independence of 
the noise terms in the model. Using this methodology for time series analysis we have fitted the most 
appropriate model for each of the relevant variables. The relevant models are listed in Table 2 and 3. 
Table 3. Fitted the appropriate ARIMA/SARIMA models for the particular global variables 
 
ARIMA (p, d, q) or ARIMA (p, d, q) × (P, D, Q) [S] model 
BRENT IR12_EU IR3M_EU HICP_EU XR_EU 
Global (1,1,0) (1,1,0) (1,1,0) (1,1,0) × (0,1,1)[12] (0,1,0) 
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In accordance with (5) we obtain new time series explanatory variables, which are created by the market 
excess returns and residuals from ARIMA/SARIMA models quantified for each of the local and global 
variables. We use these new variables for model specification and parameters estimation of the multiple linear 
regressions as denoted in (5). A potential problem with multiple linear regressions is that explanatory variables 
may have a high degree of correlation between themselves – multicollinearity. We used variance inflation 
factor or VIF to detect the presence of potential multicollinearity.  If necessary we have dropped the least 
significant of the collinear variables until multicollinearity was no longer a problem. The next step in multiple 
linear regression analysis was diagnostic of the residuals, where the assumptions of normality, autocorrelation 
and heteroscedasticity have been inspected. We employed Durbin-Watson (DW) test for autocorrelation, 
Breusch-Pagan (PB) test for heteroscedasticity detection, and Jarque-Bera (JB) test for the normality of the 
residuals. The statistics are listed in Table 4. Not all results are reported, but are available on request from 
author. 
Table 4. Selected results of the multi linear regressions 
 Bulgaria Czech Rep. Hungary Latvia Lithuania Poland Romania 
ER_EU 
ER_BRENT 
ER_IR3M_EU 
ER_HICP_EU 
ER_XR_EU 
1,019*** 
0,025 
-2,647** 
-0,479 
-4,395 
1,067*** 
0,012 
-0,670 
0,637 
-6,110*** 
1,146*** 
0,023 
-0,175 
-0,152 
-0,354 
0,691*** 
-0.020 
-1,710* 
-0,554 
-0,418 
0,620*** 
-0,009 
0,095 
-0,934 
3,295 
1,026*** 
 
-0,675 
1,068** 
-2,788* 
1,311*** 
 
-0,779 
 
-9,079** 
ER_IR1M 
ER_HICP 
ER_VOL 
ER_XR 
-0,170 
-0,072 
-0,031 
348,312 
-0,857 
-0,218 
-0,014 
0,011 
0,179 
-0,088 
-0,017 
-0,005 
-0,035 
-0,214 
-0,033 
108,719* 
-0,199 
0,329 
-0,044* 
0,0002* 
-0,142 
0,196 
-0,096* 
-0,183 
-0,244* 
0.374 
0.101 
R2 
F test 
JB test 
BP test 
DW test 
0,5016 
8,721 
1,21 
12,2057 
1,4629 
0,793 
33,25 
7,81 
10,2457 
1,7579 
0,697 
19,94 
1,61 
11,3556 
1,8221 
0,4216 
6,317 
3,42 
13,1734 
1,4973 
0,4019 
5,823 
1,78 
5,1683 
1,6383 
0,7418 
28,37 
1,63 
8,1545 
1,996 
0,6185 
21,89 
0,37 
4,4975 
1,6032 
3. Analytical Results 
The results depictured in Table 4 are quite similar to the results of Gangemi et al., 2000, and Verma and 
Soydemir, 2006 who suggest a high influence by global risk factor (at 1 percentage level) of excess return on 
global stock index (ER_EU). These results may provide the evidence for a strong integration of local and 
global stock markets. There is a small impact of local interest rates (ER_IR1M), whereby consumer prices 
(ER_HICP) are also not statistically significant.  Exchange rate of Euro/USD (ER_XR_EU) has an impact on 
Betas of three countries. Interest rate with maturity of 3 months is statistically significant for two countries. In 
our research we cannot prove a significant impact of exchange rate on Beta for all countries as can be found in 
Bilson et al., 2001. Exchange rate is only statistically significant in the case of Latvia and Lithuania. 
As the next step of our analysis we calculated time-varying fundamental Betas for the selected CESEE 
countries that are depicted in Figure 1. Average and maximum values of Betas vary from 1,04/3,94 in Bulgaria, 
through 1,06/2,38 in the Czech Republic, 1,14/1,56 in Hungary, 0,71/3,43 in Latvia, 0,63/3,06 in Lithuania, 
1,02/2,19 in Poland, up to 1,32/2,82 in case of Romania. 
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Fig 1.  Time-varying Beta coefficients of the selected CESEE countries 
Examining Figure 1, there is visible a different reaction of the Betas between markets. There is a dominant 
peak in 2008-2009 in case of Bulgaria, Czech Republic, Latvia, Poland and Romania. Furthermore some of the 
countries, as Hungary and Romania requested financial assistance through the Emergency Financing 
Mechanism of the International Monetary Fund during the 2008-2009. Increase of Betas in Hungary (in 
November 2008) to 1,475 and Romania (in January 2009) to 2,821corresponds to the time of official request 
for the financial assistance. In the case of Hungary, at the end of 2008 (November), the Emergency Financing 
Mechanism of the International Monetary Fund (IMF) was used to help provide financing because the country 
faced an exceptional situation that threatens its financial stability. Romania received the assistance in February 
2009 through a loan by the IMF. 
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4. Conclusion 
Between 2000 and 2007, the CESEE countries were one of the fastest growing regions in the world. But in 
2008-2009 almost all of them have been affected hard by the crisis. In our research, seven CESEE countries 
have been selected and analyzed using specific fundamental beta approach - Bulgaria, Czech Republic, 
Hungary, Latvia, Lithuania, Poland, and Romania. Two of them were hit very hard in the 2009 by the global 
economic downturn, Hungary and Romania. 
We have shown the global risk factors have greater influence on their Betas than local factors. We have also 
shown Betas are sensitive to the consequences of economic development like recent economic crisis. In almost 
all of observed cases the Betas reached their maximum in the period of 2008-2009. Furthermore increase of 
Betas in Hungary to 1,475 and Romania to 2,821corresponds to the time of official request for the financial 
assistance and can be used as case of Beta sensitivities.  
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